ABSTRACT
INTRODUCTION

22
It is well known that bone continuously adapts to its mechanical environment. Previous 23 studies have established that this adaptive response is most likely coordinated by osteocytes, 24 the mechanosensor cells in bone (Burger et al. 1999 , Cowin et al. 1995 , Han et al. 2004 .
25
Osteocyte bodies lie in spaces called lacunae in the mineralized bone matrix and they are 26 connected through small channels termed canaliculi. The mechanical stimulus that drives 27 osteocytes to respond has not been established yet but evidence suggests that fluid flow might 
35
Experimentally measuring lacunar-canalicular permeability is challenging due to the 36 heterogeneity of bone and small size of the pores, which is why the first calculations were given by microindentation. Results from porosity studies also suggest that the probability of 57 measuring specific porosity-ranges in a sample is affected by the inherent structure or density 
59
Overall, these findings suggest that different indentation contact sizes might measure 60 different hierarchies of bone permeability. In order to investigate this further, spherical 61 indenters of two different radii were used in the current study.
62
The objective of this research was to characterize lacunar-canalicular permeability in young
METHODS
72
Sample preparation
73
Nine C57BL/6 (B6) female mice of 2, 7 and 12 months, which correspond to young,
74
skeletally mature and old mice respectively, were used for this study. 
113
For an ideal isotropic poroelastic material, the Biot effective stress coefficient α is defined as: The intrinsic permeability k is related to the porous bone structure only (the connectedness of 122 the porosity and the size and spatial arrangement of the pores), not the fluid in the pores. This 123 is the parameter that will be reported in the current study.
124
Galli and Oyen (2009) tips, the Wilcoxon signed-rank test was used. The significant level assumed was 0.05.
160
Statistical analysis was performed using SPSS (v.21, SPSS Inc., Chicago, IL). 
RESULTS
162
Elastic properties
163
The average values and standard deviations of the elastic properties are summarized in Fig. 3 .
164
The shear modulus increased significantly from 2 to 7 months for both indenter tips (p < Poisson's ratio values for the youngest bones compared to the 7 and 12 months (p < 0.001).
170
There were no significant differences between the two tip sizes.
171
Permeability
172
Measurements with the small tip revealed that the youngest bones had a larger permeability 173 value (p < 0.01) than the older ones but no statistical difference was found between the 7 and 12 month-old bones (Fig. 4) 
DISCUSSION
182
We used nanoindentation to determine the poroelastic properties of wild type murine tibia as 
187
The 238 μm tip showed that lacunar-canalicular permeability decreased from 2 to 7 months 188 with no significant changes from 7 to 12 months (Fig. 4) of the lacunar-canalicular permeability of non-osteonal bone.
229
In order to investigate the influence of the contact size in the measured permeability level,
230
indents made with the 238 μm and 500 μm radius tip were compared. The larger tip imposed 231 larger contact sizes and revealed a wider distribution for the 7 and 12 month-old bones,
232
reaching permeability values as large as 9×10 -22 m 2 (Fig. 5) . These large values were not 233 captured when indenting old bone with the small tip. This difference can be explained by 234 looking at the lacunar and vascular pores of cortical bone (Fig. 7) . The indentation contact that with a larger contact area there is a higher likelihood of indenting a hole or part of a hole.
243
When the indent fell into a pore, the time-displacement curve was either distorted or the 244 displacement limit was exceeded before making contact with the surface. In both cases, this 245 data was excluded from the analysis.
246
In the current study, the 500 μm tip was able to identify both lacunar-canalicular and vascular Brodt et al. 1999 , Ferguson et al. 2003 , Sommerville et al. 2004 ) and tissue (Raghavan et al. 
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